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A recent proposal for explaining discrepancies in angular observables in the rare decay B →
K∗µ+µ− with a gauged Lµ − Lτ current carried with it the prediction of lepton flavor universality
violation in related B-meson decays. This prediction gained empirical support with a subsequent
hint for lepton flavor universality violation in the B → K`+`− decay by LHCb. In this short
paper we fully quantify the prediction including the associated uncertainties. We also provide new
predictions for a variety of additional observables sensitive to lepton flavor universality violation in
B-meson decays.
PACS numbers: 12.60.Cn, 13.20.He
I. INTRODUCTION
In the past two years evidence has accumulated point-
ing to discrepancies between theoretical predictions and
experimental results in angular observables in the rare
decay B → K∗µ+µ− [1, 2]. It was noted early on [3–6]
that new physics (NP) contributing to the operator,
Heff = ∆C
µ
9 (s¯γαPLb)(µ¯γ
αµ) , (1)
can explain the discrepancies. This operator consists
of a left-handed quark current and a vector current for
the muons. The theoretical predictions of the Standard
Model (SM) involve non-perturbative QCD effects that
could mimic a NP contribution to exactly such an op-
erator. It is not easy to reliably estimate some parts
of the non-perturbative QCD effects [7–11]. Thus, the
aforementioned discrepancies might still be the result of
underestimated SM contributions. Nevertheless, a vari-
ety of NP models have been proposed in the literature as
the origin of the operator in Eq. (1) [3, 4, 12–27].
In Ref. [17] we presented a model with an extra vector-
boson associated with the gauging (and spontaneous
breaking) of muon-number minus tau-number, Lµ − Lτ .
Gauging of Lµ−Lτ guarantees a vectorial coupling of the
vector-boson to muons. The new vector-boson can couple
to the different quark flavours indirectly through its cou-
pling to very heavy colored fermions that mix with the
quarks as in Ref. [28]. If the mass of the new vector-boson
is sufficiently heavy compared to the B-meson mass, then
it can be integrated out of the low-energy theory to yield
the operator in Eq. (1).
One clean prediction of this model, first made in
Ref. [17], is a ∼ 20% suppression of the rate of the inclu-
sive B → Xsµ+µ− decay relative to the electron mode
B → Xse+e− which remains SM-like. The structure of
∗ waltmannshofer@perimeterinstitute.ca
† iyavin@perimeterinstitute.ca
Lµ − Lτ also predicts a corresponding ∼ 20% enhance-
ment of the decay rate of the tauonic mode with re-
spect to its SM prediction. The predicted suppression in
the muonic mode has subsequently received experimental
support with the recent hints for violation of lepton flavor
universality (LFU) in the exclusive decay B → K`+`−
by LHCb [29]
RK =
BR(B → Kµ+µ−)
BR(B → Ke+e−) (2)
= 0.745+0.090−0.074 (stat) ± 0.036 (syst) ,
where the branching ratios refer to a dimuon invariant
mass squared, q2, between 1 GeV2 < q2 < 6 GeV2. A
number of analyses have appeared since, interpreting the
hint of lepton flavor universality violation (2) in the con-
text of new physics models [30–42].
In this short paper we wish to sharpen the prediction
for lepton flavor universality violation made in Ref. [17],
including the theoretical uncertainties associated with it.
Furthermore, we provide a variety of new predictions for
lepton flavour universality violation in other, indepen-
dent, observables.
II. THE MODEL
We briefly review the defining components of the model
and refer the reader to Ref. [17] for more details. We ex-
tend the SM by a new U(1)′ gauge group with a new
gauge-boson, Z ′, corresponding to muon-number minus-
tau number, Lµ − Lτ . The gauge group is anomaly free
with the SM particle content. The Lµ − Lτ gauge sym-
metry is spontaneously broken by the vacuum expecta-
tion value vΦ of a new heavy scalar Φ charged under
Lµ − Lτ . The gauge-boson obtains a mass mZ′ = g′vΦ,
with the U(1)′ gauge coupling g′. As we will see be-
low, the B-meson anomalies are not very sensitive to
either of these parameters, mZ′ , g
′, or vΦ. Other ob-
servations [17, 43] constrain the model, but leave ample
room in the parameter space defined by mZ′ and g
′ with
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FIG. 1. Example diagram in the high energy theory that
leads to flavor-changing effective couplings of the Z′ to left-
handed SM quarks. Similar diagrams involving other heavy
colored fermions can lead to an effective coupling of the Z′ to
right-handed SM quarks.
O(10) GeV . mZ′ . few TeV with a corresponding in-
creasing range in the allowed gauge coupling g′.
The coupling of the Z ′ to quarks at low-energies is de-
rived from an anomaly-free theory involving new heavy
colored fermions, which are vector-like charged under the
U(1)′ and the SM gauge group. These heavy colored
fermions couple to the SM quarks through Yukawa cou-
plings with the scalar Φ. The spontaneous breaking of
the U(1)′ leads to mass mixing between the SM quarks
and the heavy fermions. In turn, the mass mixing re-
sults in an effective coupling of the Z ′ to SM quarks, as
illustrated in Fig. 1. The low-energy effective coupling
is therefore determined by the type of heavy fermions
present (electroweak singlets vs. doublets), their masses,
and their Yukawa couplings to the SM quarks and Φ. At
the even lower energies scales relevant for B-meson de-
cays, after the Z ′ has been integrated out, we are left with
contributions to the Wilson coefficients of the semilep-
tonic b→ s`` operators with leptonic vector currents
Heff =
∑
`=e,µ,τ
[
∆C `9 (s¯γαPLb) + ∆C
′`
9 (s¯γαPRb)
]
(¯`γα`) ,
(3)
with
∆C e9 = 0 , ∆C
µ
9 = −∆C τ9 =
YQbY
∗
Qs
2m2Q
, (4)
∆C ′e9 = 0 , ∆C
′µ
9 = −∆C ′τ9 = −
YDbY
∗
Ds
2m2D
, (5)
where mQ and mD are the masses of heavy electroweak
doublet quarks and heavy electroweak singlet down type
quarks, respectively, and YQi, YDi are their correspond-
ing Yukawa couplings with Φ, see [17]. In addition to
the operator in (1), also its right-handed counterpart is
generated in general. It is common to use dimensionless
Wilson coefficients ∆C
(′)
9 defined as
− 4GF√
2
VtbV
∗
ts
e2
16pi2
∆C
(′)
9 = ∆C
(′)
9 . (6)
As alluded to earlier, interestingly the Wilson coefficients
do not depend on mZ′ , g
′, or vΦ, but only on the prop-
erties of the heavy fermions and their Yukawa couplings
to SM quarks. This is so because the m2Z′ that would
appear in the denominator from integrating out the Z ′,
is exactly canceled by the product of (g′)2 (coming from
each vertex) and v2Φ (coming from the mass mixing) in
the numerator. In addition, the Lµ−Lτ gauge symmetry
forces ∆Ce9 = ∆C
′e
9 = 0 and opposite sign between the
muonic and tauonic contributions. We are only free to
adjust ∆Cµ9 and ∆C
′µ
9 in Eqs. (4) and (5) through the
choice of Yukawa coupling and heavy fermion masses.
This tight structure is the origin of the sharp prediction
for the presence of LFU violations in B-meson decay:
once ∆Cµ9 and ∆C
′µ
9 are fixed to explain the angular
anomalies in B → K∗µ+ mu−, they immediately effect
the branching ratio of B → Kµ+µ− and various other ob-
servables in rare B-meson decays based on the b → sµµ
transition. All electron modes, b→ see, remain SM-like.
In the following we will drop the lepton flavor superscript
on the Wilson coefficients and denote the muon specific
coefficients with ∆C9 and ∆C
′
9.
III. PROBES OF LEPTON FLAVOR
UNIVERSALITY
We consider observables in various decays based on the
quark level b → s`` transition that are affected by the
operators in Eq. (3): the exclusive decays B → K`+`−,
B → K∗`+`−, and Bs → φ`+`−, as well as the inclusive
B → Xs`+`− decay.
A. Exclusive Decays
We consider the following ratios of branching ratios
that are tests of lepton flavor universality [36, 44, 45]
RK =
BR(B → Kµ+µ−)
BR(B → Ke+e−) , (7)
RK∗ =
BR(B → K∗µ+µ−)
BR(B → K∗e+e−) , (8)
Rφ =
BR(B → φµ+µ−)
BR(B → φe+e−) . (9)
In the SM, these ratios are expected to be unity to a very
high accuracy.1 In the following, superscripts on the LFU
observables indicate the bin of di-lepton invariant mass
in which the observable is measured. For example, R
[1,6]
K
refers to the q2 bin 1 GeV2 < q2 < 6 GeV2, etc.
In the Lµ − Lτ framework, the above LFU ratios can
be expressed in terms of the muon specific Wilson coef-
ficients ∆C9 and ∆C
′
9. For all three decays we consider
1 Radiation of collinear photons off the leptons can lead to logarith-
mically enhanced QED corrections that can be different in the
electron and muon modes. In the RK measurement performed
by LHCb [29], such effects are included in the event simulation.
3one bin at low and high q2 each. We provide explicit
expressions in Appendix A.
The ratios Rφ and RK∗ depend on the left-handed
and right-handed Wilson coefficients ∆C9 and ∆C
′
9 in
a very similar way. Differences only arise from SU(3)
flavor breaking and the rather sizable life time difference
in the Bs-meson system. However, given the expected
experimental sensitivities in the near future, one has to
an excellent approximation Rφ ' RK∗ . Comparing Rφ
and RK∗ with RK allows in principle to disentangle con-
tributions from left-handed and right-handed quark cur-
rents [36].
In addition to the branching ratio ratios, we also con-
sider lepton flavor universality tests using angular ob-
servables in the B → K∗`+`− decay. As some angular
observables have zero crossings we do not use lepton fla-
vor ratios but rather construct lepton flavor differences
DAFB = AFB(B → K∗µµ)−AFB(B → K∗ee) , (10)
DFL = FL(B → K∗µµ)− FL(B → K∗ee) , (11)
DS5 = S5(B → K∗µµ)− S5(B → K∗ee) . (12)
Here, AFB is the lepton forward-backward asymmetry,
FL is the longitudinal polarization fraction of the K
∗
vector meson, and the angular observable S5 is related
to the “B → K∗µ+µ− anomaly” in the observable
P ′5 = S5/
√
FL(1− FL) [1]. Other probes of lepton flavor
universality have been considered in the recent literature.
For instance: lepton flavor ratios of angular observables
in B → K∗`+`− [11, 20] and lepton flavor specific shifts
of the zero crossings of the angular observables AFB and
S5 [11].
In contrast to B → K∗`+`−, the Bs → φ`+`− decay
is not self-tagging. Therefore, the observables DAFB and
DS5 cannot be easily accessed in the Bs → φ`+`− decay.
We therefore concentrate on B → K∗`+`−.
At high q2, the angular observables AFB, FL, and S5
do not differ significantly from their SM predictions in
regions of NP parameter space that provide a good fit of
the anomalies [20]. Thus, we consider the corresponding
LFU differences only in the low q2 region. Expressions
for the new B → K∗`+`− LFU differences in terms of
the Wilson coefficients ∆C9 and ∆C
′
9 are given in Ap-
pendix A.
The new observables provide additional means to test
lepton flavor universality and, in the case that evidence
for violation of lepton flavor universality can be estab-
lished, can help to distinguish between left-handed and
right-handed currents.
B. Inclusive Decay
The inclusive decay B → Xs`+`− gives access to three
independent observables, HL, HT , and HA [46]. We will
consider the following combinations of these observables:
(a) the branching ratio BR(B → Xs`+`−) = HL + HT ;
(b) the normalized lepton forward-backward asymme-
try AFB =
3
4HA/(HL + HT ); (c) the observable FL =
HL/(HL +HT ), in analogy to the longitudinal polariza-
tion fraction of the K∗ in the B → K∗`+`− decay. In
slight abuse of notation, we denote these observables in
the same way in both the B → K∗`+`− decay and the
B → Xs`+`− decay. Analogous to the exclusive decays
we will consider a LFU ratio for the branching ratios, and
LFU differences for the angular observables AFB and FL
RXs =
BR(B → Xsµµ)
BR(B → Xsee) , (13)
DFXsL
= FL(B → Xsµµ)− FL(B → Xsee) , (14)
DAXsFB
= AFB(B → Xsµµ)−AFB(B → Xsee) . (15)
Expressions for these observables in terms of the Wilson
coefficients ∆C9 and ∆C
′
9 are collected in Appendix A. In
contrast to the exclusive decays, the right-handed coeffi-
cient ∆C ′9 enters these expressions only at the quadratic
level. The LFU observables in the inclusive decay are
therefore complementary to those in the exclusive decays
discussed above.
IV. PREDICTIONS FOR LEPTON FLAVOR
UNIVERSALITY VIOLATION
Having defined the observables that probe lepton fla-
vor universality, we go on and provide new physics pre-
dictions for these observables. In the context of Lµ−Lτ ,
we consider two cases:
(i) the generic case where the mixing Yukawas are ar-
bitrary and both ∆C9 and ∆C
′
9 can be affected
significantly by new physics;
(ii) the physically motivated case of minimal flavor vio-
lation (MFV), where the flavor structure of the left-
handed mixing Yukawas are determined by CKM
angles, YQbY
∗
Qs ∝ VtbV ∗ts, and the right-handed
mixing Yukawas are negligible. In that case only C9
receives new physics contributions, while ∆C ′9 ∼ 0.
In [20] the following best fit values for ∆C
(′)
9 and im-
provements in the χ2 were found in a global fit to all
relevant b→ sµ+µ− data
(i) ∆C9 = −1.10 , ∆C ′9 = 0.45 , ∆χ2 = 15.6 , (16)
(ii) ∆C9 = −1.07 , ∆χ2 = 13.7 . (17)
We use the corresponding best fit ranges for ∆C
(′)
9 deter-
mined in [20] to make predictions for the LFU observables
defined in Sec. III.
The results are summarized in Fig. 2 and Tab. I. Shown
are the predicted central values together with the 1σ and
2σ ranges. In Fig. 2 also the SM predictions and the ex-
perimental result for R
[1,6]
K are shown for comparison. For
completeness we also include predictions for the lepton
flavor difference of the angular observable P ′5
DP ′5 = P
′
5(B → K∗µµ)− P ′5(B → K∗ee) , (18)
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FIG. 2. Predictions for lepton flavor universality ratios and differences in models with gauged Lµ − Lτ . Left: generic quark
couplings. Right: MFV quark couplings. The solid lines show the predicted central values, the 1σ and 2σ ranges are shown by
the shaded bands. The SM predictions are indicated by the dotted line. The experimental measurement of R
[1,6]
K is also given
for comparison.
with P ′5 = S5/
√
FL(1− FL).
We observe that both the LFU ratios, Ri, and the LFU
differences, Di, differ significantly from the respective SM
predictions. All branching ratio ratios that we consider
are below 1, with central values ranging approximately
between ∼ 0.75 and ∼ 0.9. The predictions for DP ′5 and
DS5 are above their SM values, while the various differ-
ences of AFB and FL are predicted below their SM val-
ues. We expect that within the next few years of LHCb
data taking the experimental sensitivity should be high
enough to either confirm or exclude the predicted non-
standard values for RK and RK∗ . Given that Bs-meson
production is suppressed compared to B-meson produc-
tion at the LHC, establishing a deviation of Rφ from
1 will be more challenging. At Belle II, the predicted
non-standard values for RXs should be well within reach.
Concerning the LFU differences, it has to be seen if ex-
perimental sensitivities at LHCb and Belle II will be suf-
ficient to observe also the predicted deviations in DP ′5 ,
DS5 , DAFB , and DFL in the near future.
We now comment on the differences between the
generic case (i) and the MFV case (ii). Notable differ-
ences do exist in the predictions for the ratios RK , RK∗
and Rφ. Because of the parity of the final state mesons,
the ratios are corrected by the combination C9+C
′
9 (RK)
or mainly by C9 − C ′9 (RK∗ and Rφ). As the global fit
results (16) show preference for a negative value for C9
and a slightly positive value for C ′9, this leads to the
MFV prediction to be consistently higher (lower) than
the generic prediction for RK∗ and Rφ (RK). As the in-
clusive decay B → Xs`+`− depends on the ∆C ′9 only at
the quadratic level, the predictions for the corresponding
LFU observables are virtually identical in the case (i) and
case (ii). A ∼ 20% suppression of RXs compared to the
SM prediction is therefore a very robust prediction of the
Lµ − Lτ scenario. We observe that also the predictions
for the B → K∗`+`− angular differences DP ′5 , DS5 , and
DAFB , are very similar in the cases (i) and (ii).
Aside from comparison with the SM predictions, the
lepton flavor universality observables can also be useful in
distinguishing between alternative models of new physics.
Here, we investigate to what extent the Lµ − Lτ setup
can be distinguished from a scenario where the anomalies
in B → K∗µ+µ− are resolved by NP in an operator that
5(i) Lµ − Lτ generic (ii) Lµ − Lτ MFV (iii) LH quarks & muons
1σ 2σ 1σ 2σ 1σ 2σ
R
[1,6]
K 0.85
+0.09
−0.08 [0.66, 1.02] 0.77
+0.08
−0.06 [0.63, 0.92] 0.76
+0.10
−0.09 [0.55, 0.93]
R
[15,22]
K 0.86
+0.09
−0.08 [0.67, 1.02] 0.78
+0.08
−0.06 [0.63, 0.91] 0.76
+0.10
−0.09 [0.55, 0.93]
R
[1,6]
K∗ 0.77
+0.07
−0.06 [0.64, 0.91] 0.83
+0.06
−0.04 [0.72, 0.94] 0.77
+0.10
−0.08 [0.58, 0.93]
R
[15,19]
K∗ 0.72
+0.09
−0.07 [0.57, 0.89] 0.78
+0.08
−0.06 [0.64, 0.92] 0.75
+0.11
−0.09 [0.53, 0.92]
R
[1,6]
φ 0.77
+0.08
−0.06 [0.64, 0.92] 0.83
+0.06
−0.05 [0.73, 0.94] 0.77
+0.10
−0.08 [0.57, 0.93]
R
[16,19]
φ 0.72
+0.09
−0.07 [0.55, 0.89] 0.78
+0.08
−0.06 [0.64, 0.91] 0.75
+0.10
−0.09 [0.54, 0.93]
R
[1,6]
Xs
0.82+0.04−0.03 [0.75, 0.89] 0.82
+0.04
−0.03 [0.75, 0.89] 0.73
+0.08
−0.08 [0.56, 0.88]
R>14.4Xs 0.90
+0.06
−0.05 [0.79, 1.02] 0.90
+0.06
−0.05 [0.78, 1.02] 0.84
+0.11
−0.11 [0.62, 1.04]
D
[1,6]
P ′5
+0.27+0.07−0.13 [+0.07,+0.47] +0.27
+0.07
−0.12 [+0.08,+0.45] +0.112
+0.049
−0.093 [−0.014,+0.281]
D
[1,6]
S5
+0.109+0.030−0.050 [+0.029,+0.189] +0.110
+0.026
−0.050 [+0.032,+0.184] +0.045
+0.016
−0.026 [+0.008,+0.093]
D
[1,6]
AFB
−0.082+0.031−0.025 [−0.139,−0.029] −0.074+0.031−0.019 [−0.125,−0.025] −0.034+0.016−0.015 [−0.071,−0.007]
D
[1,3.5]
A
Xs
FB
−0.070+0.017−0.014 [−0.102,−0.040] −0.070+0.018−0.015 [−0.103,−0.037] −0.043+0.014−0.012 [−0.073,−0.018]
D
[3.5,6]
A
Xs
FB
−0.081+0.023−0.020 [−0.124,−0.039] −0.079+0.026−0.020 [−0.124,−0.033] −0.035+0.013−0.012 [−0.066,−0.013]
D
[1,6]
FL
−0.075+0.030−0.022 [−0.128,−0.024] −0.054+0.022−0.015 [−0.091,−0.018] −0.017+0.010−0.007 [−0.038,−0.003]
D
[1,3.5]
F
Xs
L
+0.014+0.020−0.017 [−0.024,+0.051] +0.014+0.022−0.018 [−0.024,+0.052] +0.041+0.020−0.015 [−0.001,+0.070]
D
[3.5,6]
F
Xs
L
+0.033+0.010−0.009 [+0.014,+0.051] +0.035
+0.011
−0.008 [+0.015,+0.053] +0.065
+0.003
−0.004 [+0.056,+0.073]
TABLE I. Predictions for lepton flavor universality ratios and differences in models with gauged Lµ − Lτ and in models with
purely left-handed quark and muon currents.
consists of left-handed quark and muon currents
Heff = −4GF√
2
VtbV
∗
ts
e2
16pi2
∆CL(s¯γαPLb)(µ¯γ
αPLµ) .
(19)
Various NP scenarios of this type have been discussed
recently [35, 37, 38, 41]. Indeed, compared to scenarios
with NP in ∆C9, NP in ∆CL gives only slightly worse
fits to the data [20]
∆CL = −1.06 , ∆χ2 = 9.8 . (20)
Expressions for the LFU observables in such a scenario
are given in Appendix B.
In Fig. 3 we summarize the predicted ranges for the
LFU ratios and LFU differences in this setup. The results
are also collected in the last columns of Tab. I. The ranges
for the LFU ratios, Ri, almost entirely include the ranges
found in the cases (i) and (ii) discussed above. This is
due to the larger range for ∆CL that is allowed by the
global fit [20]. We observe that the non-standard effects
in the LFU differences, Di, are considerably smaller com-
pared to the cases (i) and (ii). Precision measurements of
these observables might allow to distinguish the Lµ−Lτ
scenarios from NP purely in left-handed currents.
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FIG. 3. Predictions for lepton flavor universality ratios and
differences in models with purely left-handed quark and muon
currents. The solid lines show the predicted central values,
the 1σ and 2σ ranges are shown by the shaded bands. The SM
predictions are indicated by the dotted line. The experimental
measurement of R
[1,6]
K is also given for comparison.
V. SUMMARY
In this short paper we provided explicit expressions
and numerical predictions for a variety of lepton fla-
vor universality observables associated with the model
of Ref. [17] based on gauged Lµ − Lτ . We considered
known LFU ratios of branching ratios as well as LFU
differences of angular observables.
Generically, a robust prediction is that all branching
ratio ratios are suppressed compared to the SM predic-
tion by O(20%), both in the case of generic quark cou-
plings and in the case of quark couplings that follow the
principle of minimal flavor violation. The predictions
for the B → K`+`− decay, RK = 0.85+0.09−0.08 (generic
quark couplings) and RK = 0.77
+0.08
−0.06 (MFV quark cou-
plings), have recently received experimental support from
the measurement of this ratio by LHCb [29]. The LFU
ratios represent a very clear target of opportunity for fu-
ture measurements in the search for new physics.
The LFU differences of angular observables provide ad-
ditional means to probe new physics in rare B decays. We
predict non-standard effects at the level of O(10%) in the
context of gauged Lµ−Lτ . These observables might also
serve as discriminants between alternative new physics
models if precision measurements will become available
in the future.
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Appendix A: Numerical Expressions in the Lµ − Lτ Scenario
For the branching ratio ratios of the exlcusive decays we find
R
[1,6]
K ' 1.00 + 0.243(∆C9 + ∆C ′9) + 0.030(∆C9 + ∆C ′9)2 , (A1)
R
[15,22]
K ' 1.00 + 0.241(∆C9 + ∆C ′9) + 0.030(∆C9 + ∆C ′9)2 , (A2)
R
[1,6]
K∗ ' 1.00 + 0.192∆C9 − 0.198∆C ′9 + 0.034
(
(∆C9)
2 + (∆C ′9)
2
)− 0.052∆C9∆C ′9 , (A3)
R
[15,19]
K∗ ' 1.00 + 0.241∆C9 − 0.182∆C ′9 + 0.033
(
(∆C9)
2 + (∆C ′9)
2
)− 0.049∆C9∆C ′9 , (A4)
R
[1,6]
φ ' 1.00 + 0.193∆C9 − 0.200∆C ′9 + 0.034
(
(∆C9)
2 + (∆C ′9)
2
)− 0.052∆C9∆C ′9 , (A5)
R
[16,19]
φ ' 1.00 + 0.241∆C9 − 0.201∆C ′9 + 0.032
(
(∆C9)
2 + (∆C ′9)
2
)− 0.053∆C9∆C ′9 , (A6)
in reasonable agreement with [36]. The expressions hold for real Wilson coefficients ∆C9 and ∆C
′
9. A study of CP
violating scenarios is beyond the scope of the present work. The theoretical uncertainty on the leading piece (unity)
is expected to be at the sub-percent level, whereas we estimate that the uncertainty on the remaining numerical
coefficients in Eqs. (A1)-(A6) is at the 10% level. In our numerical analysis in Sec. IV we neglect the uncertainty
7of the leading piece and use uncorrelated 20% relative uncertainties for the remaining numerical coefficients. These
uncertainties have only minor impact on our results, as the dominant uncertainty arises from the allowed ranges of
∆C9 and ∆C
′
9.
For the differences of angular observables in B → K∗`+`− we obtain
D
[1,6]
AFB
' 0.00 + 0.057∆C9
1 + 0.192∆C9 − 0.198∆C ′9 + 0.034 ((∆C9)2 + (∆C ′9)2)− 0.052∆C9∆C ′9
, (A7)
D
[1,6]
FL
' 0.00 + 0.039∆C9 − 0.035∆C
′
9 − 0.002
(
(∆C9)
2 + (∆C ′9)
2
)− 0.008∆C9∆C ′9
1 + 0.192∆C9 − 0.198∆C ′9 + 0.034 ((∆C9)2 + (∆C ′9)2)− 0.052∆C9∆C ′9
, (A8)
D
[1,6]
S5
' 0.00− 0.079∆C9 − 0.033∆C
′
9 + 0.006
(
(∆C9)
2 + (∆C ′9)
2
)− 0.009∆C9∆C ′9
1 + 0.192∆C9 − 0.198∆C ′9 + 0.034 ((∆C9)2 + (∆C ′9)2)− 0.052∆C9∆C ′9
, (A9)
valid for real Wilson coefficients. Similar to the case of the LFU ratios in (A1)-(A6), the leading piece (zero) can be
predicted with very high accuracy. The uncertainty on the remaining numerical coefficients is expected to be at the
10% level. In the numerical analysis, we use uncorrelated 20% relative uncertainties for the corresponding numerical
coefficients in (A7)-(A9).
For the LFU observables in the inclusive decay we make use of the expressions in [47, 48] and arrive at
R
[1,6]
Xs
' (R[1,6]Xs )SM + 0.181∆C9 + 0.036
(
(∆C9)
2 + (∆C ′9)
2
)
, (A10)
R>14.4Xs ' (R>14.4Xs )SM + 0.281∆C9 + 0.042
(
(∆C9)
2 + (∆C ′9)
2
)
, (A11)
D
[1,3.5]
FXsL
' (D
[1,3.5]
FL
)SM + 0.065∆C9 + 0.003
(
(∆C9)
2 + (∆C ′9)
2
)
1 + 0.167∆C9 + 0.035 ((∆C9)2 + (∆C ′9)2)
, (A12)
D
[3.5,6]
FXsL
' (D
[3.5,6]
FL
)SM + 0.031∆C9 − 0.001
(
(∆C9)
2 + (∆C ′9)
2
)
1 + 0.212∆C9 + 0.039 ((∆C9)2 + (∆C ′9)2)
, (A13)
D
[1,3.5]
AXsFB
' (D
[1,3.5]
AFB
)SM + 0.050∆C9 + 0.003
(
(∆C9)
2 + (∆C ′9)
2
)
1 + 0.167∆C9 + 0.035 ((∆C9)2 + (∆C ′9)2)
, (A14)
D
[3.5,6]
AXsFB
' (D
[3.5,6]
AFB
)SM + 0.052∆C9 − 0.003
(
(∆C9)
2 + (∆C ′9)
2
)
1 + 0.212∆C9 + 0.039 ((∆C9)2 + (∆C ′9)2)
, (A15)
valid for real Wilson coefficients. For the SM predictions we find from [47]
(R
[1,6]
Xs
)SM = 0.970 , (R
>14.4
Xs
)SM = 1.151 , (A16)
(D
[1,3.5]
FXsL
)SM = 0.079 , (D
[3.5,6]
FXsL
)SM = 0.062 , (A17)
(D
[1,3.5]
AXsFB
)SM = −0.010 , (D[3.5,6]AXsFB )SM = −0.005 . (A18)
We expect uncertainties of O(0.01) for these SM predictions and we neglect them in our numerical analysis. The
small differences in the SM predictions of RXs from unity and of DFL and DAFB from zero, arise from logarithmically
enhanced QED corrections. Given the good theoretical control in the prediction of the inclusive B → Xs`+`−
decay [47], the uncertainties on the remaining numerical coefficients in Eqs. (A10)-(A15) are likely below 10%. We
use uncorrelated 10% relative uncertainties in our numerical analysis. This choice of uncertainties has only very minor
impact on our results.
Appendix B: Numerical Expressions in the Scenario with Left-Handed Currents
In the scenario with NP in left-handed currents only, we find for the LFU observables in exclusive decays
R
[1,6]
K ' 1.00 + 0.245∆CL + 0.015(∆CL)2 , (B1)
R
[15,22]
K ' 1.00 + 0.244∆CL + 0.015(∆CL)2 , (B2)
8R
[1,6]
K∗ ' 1.00 + 0.235∆CL + 0.017(∆CL)2 , (B3)
R
[15,19]
K∗ ' 1.00 + 0.254∆CL + 0.016(∆CL)2 , (B4)
R
[1,6]
φ ' 1.00 + 0.234∆CL + 0.017(∆CL)2 , (B5)
R
[16,19]
φ ' 1.00 + 0.253∆CL + 0.016(∆CL)2 , (B6)
D
[1,6]
AFB
' 0.00 + 0.029∆CL + 0.003(∆CL)
2
1 + 0.235∆CL + 0.017(∆CL)2
, (B7)
D
[1,6]
FL
' 0.00 + 0.011∆CL − 0.001(∆CL)
2
1 + 0.235∆CL + 0.017(∆CL)2
, (B8)
D
[1,6]
S5
' 0.00− 0.037∆CL − 0.004(∆CL)
2
1 + 0.235∆CL + 0.017(∆CL)2
. (B9)
Our treatment of uncertainties in the numerical analysis is equivalent to the Lµ − Lτ scenario discussed above.
For the LFU observables in the inclusive decay we find from [47, 48]
R
[1,6]
Xs
' (R[1,6]Xs )SM + 0.243∆CL + 0.018(∆CL)2 , (B10)
R>14.4Xs ' (R>14.4Xs )SM + 0.319∆CL + 0.022(∆CL)2 , (B11)
D
[1,3.5]
FXsL
' (D
[1,3.5]
FL
)SM + 0.046∆CL + 0.002(∆CL)
2
1 + 0.236∆CL + 0.018(∆CL)2
, (B12)
D
[3.5,6]
FXsL
' (D
[3.5,6]
FL
)SM + 0.014∆CL − 0.0002(∆CL)2
1 + 0.272∆CL + 0.020(∆CL)2
, (B13)
D
[1,3.5]
AXsFB
' (D
[1,3.5]
AFB
)SM + 0.026∆CL + 0.004(∆CL)
2
1 + 0.236∆CL + 0.018(∆CL)2
, (B14)
D
[3.5,6]
AXsFB
' (D
[3.5,6]
AFB
)SM + 0.022∆CL + 0.003(∆CL)
2
1 + 0.272∆CL + 0.020(∆CL)2
. (B15)
The SM predictions have already been given above in Eqs. (A16) - (A18), and our treatment of uncertainties in the
numerical analysis is equivalent to the Lµ − Lτ scenario.
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